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1. Introduction

Current fragmenting warheads are characterized by a standardized Joint Munitions
Effectiveness Manual (JMEM)? procedure. This procedure collects fragmentation data
from a static test and produces a Z-data file. The Z-data file describes the fragmentation
in polar zones by placing the number of fragments into separate mass categories and
determining the overall velocity and shape characteristics. This Z-data is then combined
with impact conditions such as velocity, orientation, angle, etc., to estimate the direction
and velocity of the fragments. This is a statistical event, making it difficult to confirm or
refute the results in a “live-fire” or dynamic event. Current practice is to accept the
results from the JIMEM testing and assume the translation to a dynamic event is correct,
often without any additional experimentation until the live-fire evaluation. In the live-
fire evaluation, mannequins are typically set in the target area and are assessed for their
level of incapacitation. This procedure does not produce any statistical evidence of the
fragment spray because typically a limited number of mannequins are placed
intermittently within the target area.

For the typical live-fire evaluation of a direct-fire projectile against a specific target, e.g.,
the M829 round vs. the T72 tank, the process has many deterministic results. For a given
impact location on the target, preshot predictions of the event are made, which consist of
several deterministic events. Examples include the following factors:

» Does the projectile perforate the armor?

* What does the residual projectile impact inside the target?
* What does the spall impact inside the target?

* What is the damage to the components impacted?

Given these results, the overall probability of kill can be assessed. After the event, these
results can be assessed using the exact impact location to answer the same questions.
Although the spall is a statistical event, most of the other assessments are more
deterministic and can be reviewed. For bursting munitions, the entire event is statistical,
so the results are probabilistic and cannot be determined exactly to ascertain whether or
not the fragmentation is behaving as expected based on the data currently collected.

This evaluation proposes a new method of collecting the fragmentation data in a dynamic
event to provide a better representation of the entire fragment spray that would help to

1Headquarters, Department of the Army. Testing and Data Reduction Procedures for High-Explosive Munitions,
Revision 2. In Joint Munitions Effectiveness Manual; FM-101-51-3; Washington, DC, May 1989.



confirm or refute the Z-data file and/or define if there are any extraordinary
circumstances for the warhead in the dynamic mode (see figures 1-19).

The methodology will allow the program managers (PMs), users, and evaluators a better
technique to show that the warhead is performing as expected in the dynamic event.
Upon completing these evaluations, the PM can confirm the results for the lethality and
collateral damage with much more confidence than previously possible from using only
the JMEM data. The final analysis will correlate the data from the JMEM tests and the
actual impact conditions of the warhead to the results obtained from the actual dynamic
event to demonstrate that the warhead is indeed performing as expected. Therefore, the
estimates of lethality and collateral damage will be developed with greater confidence
than previously obtained.

This methodology is applicable to any fragmenting warhead evaluation. Currently, it has
been proven beneficial to several systems including the Guided Multi-Launch Rocket
System-Unitary (GMLRS-U) version, the precision-guided mortar munition, the
Excalibur artillery round, and the 105-mm high-explosive plastic (HEP) projectile.

The PM for the 105-mm HEP projectile has agreed to furnish M393E3 warheads for the
evaluation. The 105-mm HEP munition has been in the inventory since the 1940s. It is
currently used as a wall-breaching munition, and there is a well-defined Z-data file for
this munition. The 105-mm HEP is a direct-fire munition, so it will be ideal to prove the
methodology.

The purpose of these evaluations is to define the dynamic fragment spray of the warheads
so no specific targets will be used. Instead, metallic witness panels will be placed in an
array around the attended impact area. The project will be conducted by the Weapons
Materials Research Directorate of the U.S. Army Research Laboratory, and the test will
be conducted at the U.S. Army Aberdeen Test Center by the large-caliber test team. Both
phases will produce a comparison of the existing Z-data modeled as a dynamic event and
the actual fragmentation spray from a dynamic event.



BOTTOM LINE UP FRONT B

1 - PROPOSED METHOD TO ASSESS FRAGMENTATION
FOR DYNAMIC EVENT

2 - QUESTIONING EXISTING METHODOLOGY FOR
FRAGMENTATION LETHALITY

* Background/lssues
» Approach

e Test Setup

* Results/Discussion
 Conclusions
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Figure 1. Outline.

CURRENT METHOD TO ASSESS FRAGMENTATION : :

« Static arena test g
« Statistical representation of the fragmentation §
* Fragmentation file (Z-data file)

* Lethality models use Z-data and dynamic impact conditions
* Impact velocity, orientation, etc.
* Predict number of impacts on personnel
» Determine probability of incapacitation, P,

* Currently no method to correlate to dynamic testing (just a
probability of achieving a level of incapacitation)
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Figure 2. Background/issues.



* Z-data file established
* P, for impact condition computed s
* Performed dynamic event

* Mannequins assessed for lethality

* All personnel fell within bands (P, +/-)
ISSUE - no statistical correlation to fragment spray
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Figure 3. GMLRS as an example.

APPROACH

* Goal: @

............

« Demonstrate method to collect fragmentation data in a dynamic
event to produce higher statistical confidence in results

» Evaluation concept:
* Use warhead with well-established Z-data file
* Collect fragment spray via metallic witness panels located in an
arena arrangement
» Compare perforations in the panels from the detonated
warheads to those predicted using the static arena file
« Static event — no projectile velocity (serves as a baseline)
» Dynamic event — incoming velocity will be applied

WARFIGHTER FOCUSED.

Figure 4. Approach.



*105-mm HEP round @
* Inventory since 1970s
* New Z-data file recently produced

* Metallic witness panels

Statically detonated from platform
One side of panel arrangement
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Figure 5. Test articles.

TEST OVERVIEW

» Test setup:
 Collect fragmentation with metallic panel array in “arena”
» Dynamic - fire 105-mm HEP projectile through wood to detonate
* Static — statically detonate HEP projectile
* Measurements:
» Panel array surveyed prior to test
» Photograph panels, use image software to record position of impacts
» Dynamic — use radar and video to determine impact velocity and location of
» warhead when it burst

/ High Speed Video\Cameras

Firing Platform Bursting Board,
= ==

13-25
Panel array & camera configuration f i
. 1327Vl Steel Panels WARFIGHTER FOCUSED.

Figure 6. Test overview.
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Figure 7. Test results (static).

moecoM® TEST RESULTS - DYNAMIC =R
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Figure 8. Test results (dynamic).



Joint Live Fire
Ground Systes

Result

Proper fuze function

Proper fuze function

Distribution collected

Distribution collected

Distribution collected

Distribution collected

Distribution collected

Distribution collected

Test Detonation Velocity Test Objective
Number Condition Muzzle/Striking
(m/s)

1 Dynamic LOST Verify fuze function on the selected target material

2 Dynamic 759/ 746 Verify fuze function on the selected target material

3 Dynamic 763 /751 Collect dynamic distribution of fragments from the witness panels
4 Dynamic 758/ 744 Collect dynamic distribution of fragments from the witness panels
5 Dynamic 758 1 747 Collect dynamic distribution of fragments from the witness panels
7 Dynamic 7541744 Collect dynamic distribution of fragments from the witness panels
8 Dynamic 762 /749 Collect dynamic distribution of fragments from the witness panels
9 Static N/A Collect static distribution of fragments from the witness panels
11 Static N/A Collect static distribution of fragments from the witness panels

Distribution collected

All evaluated at 90° attack angle and 0° azimuth

WARFIGHTER FOCUSED.

Figure 9. Phase 1 test results.

TEST RESULTS

Joint Live Fire
Ground System
Test Detonation Velocity Test Objective Result
Number Condition Muzzle/Striking
(mfs)

2 Dynamic 7741761 Collect dynamic distribution of fragments from the witness panels Distribution collected

3 Dynamic 761 /749 Collect dynamic distribution of fragments from the witness panels Distribution collected

4 Dynamic 759/ 746 Collect dynamic distribution of fragments from the witness panels Distribution collected

5 Static N/A Collect static distribution of fragments from the witness panels Distribution collected

6 Static N/A Collect static distribution of fragments from the witness panels Distribution collected

All evaluated at 90° attack angle and 0°azimuth

WARFIGHTER FOCUSED.

Figure 10. Phase 2 test results.
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Ground Systes
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Figure 11. Data reduction.
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Figure 12. Predicted fragmentation.
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Figure 13. Statistical analysis (static).

STATISTICAL ANALYSIS
(STATIC)
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Figure 14. Statistical analysis (static correlation).
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Figure 15. Statistical analysis (dynamic).
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Figure 16. Statistical analysis (dynamic correlation).
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SUMMARY
* Static evaluation — good agreement @

« Dynamic estimates show less fragments in the fromt=

Implications of differences in results

* Interaction of warhead expansion with wood during the
dynamic detonation

* Parasitic debris from warhead is hitting panels in front for
dynamic event

» Accuracy of fragment velocities of Z-data file more of an
effect on dynamic event (may need a new format for
Z-data [3-D])

» Need to evaluate other warheads under same controlled
conditions to prove theory

WARFIGHTER FOCUSED.

Figure 17. Summary.

CONCLUSIONS

» Method collects data over a much larger range than previously gathered for
dynamic events

« This wider area results in a much greater confidence in verifying
performance of fragmenting warhead

* Review current Z-data (arena) methodology

SUGGESTIONS:

1) Add metallic witness panels on “live-fire” evaluations

2) Include an intermediate evaluation with metallic witness panels prior to
“live-fire” evaluations

3) Review fragmentation evaluation methodolgy

WARFIGHTER FOCUSED.

Figure 18. Conclusions.
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DEMONSTRATED SIMPLE METHOD
THAT VERIFIES THE
OVERALL SPREAD OF FRAGMENTS
IN DYNAMIC EVENT

OBSERVED ISSUES WITH CURRENT
Z-DATA FILE METHODLOGY

QUESTIONS 77?7
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Figure 19. Bottom line.
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